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CERES Instrument

e 5 instruments on 3 satellites (TRMM, Terra, X
Aqua) for diurnal and angular sampling.

e Narrow field-of-view scanning radiometer with
nadir footprint size of 10 km (TRMM); 20 km
(Terra & Aqua).

e Measures radiances in 0.3-5 um, 0.3-200 um
and 8-12 um.

e Capable of scanning in several azimuth plane scan modes:
fixed (FAP) or crosstrack, rotating azimuth plane (RAP),
programmable (PAP).

 Coincident Cloud and Aerosol Properties from
MODIS/VIRS



Instantaneous Fluxes at TOA

and Angular Distribution Models
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TOA flux estimate from CERES radiance:

F(6,.0.0)= T =08
R,(0,.0,0)

where,
R;(8,.0,¢)= — 721 00,09)

(2 L;(6,,0,4)cosd sind dOdg

R;(6,,0,4) is the Angular Distribution Model (ADM) for the “'"” scene type.



CERES Single Scanner Footprint (SSF) Product

- Coincident CERES radiances and imager-based cloud and aerosol
properties (including MODO04 and NOAA-NESDIS aerosol products).

- Use VIRS (TRMM) or MODIS (Terra, Aqua) to determine the following
parameters in up to 2 cloud layers over every CERES FOV:

Macrophysical: Fractional coverage, Height, Radiating Temperature, Pressure
Microphysical : Phase, Optical Depth, Particle Size, Water Path

Clear Area  : Skin Temperature, Aerosol optical depth, Emissivity
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NEW MERGED CERES-MISR-MODIS DATASET

CERES and MISR teams are working together to produce the
first merged CERES-MISR-MODIS dataset.
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Contains all CERES-MODIS parameters on the CERES S5F
product and all available MISR radiances (2 angles and 4
channels) averaged over every CERES footprint.

— Cahn be extended to include other MISR and MODIS derived
parameters



CERES/Terra Shortwave ADMs for Different Scene Types

Scene Type Description
Clear Ocean Function of wind speed; Correction for aerosol optical
depth included.
Cloud Ocean Function of cloud phase; Continuous function of cloud

fraction and cloud optical depth (5-parameter sigmoid).

Land & Desert 1° regional monthly ADMs using Analytical Function of

Clear TOA BRDF (Ahmad and Deering, 1992).
Land & Desert Function of cloud phase; continuous function of cloud
Cloud cover and cloud optical depth; uses 1°-regional clear-sky

BRDFs to account for background albedo.

Permanent Snow | Cloud Fraction, Surface Brightness, cloud optical depth

Fresh Snow Cloud Fraction, Surface Brightness, Snow Fraction, cloud
optical depth
Sea-lce Cloud Fraction, Surface Brightness, Ice Fraction, cloud

optical depth




SW Anisotropy of Liquid Water Clouds from CERES Terra
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Uncertainty in Regional Mean SW TOA Flux:
CERES ADMs vs 1D Theory



Approach

1) Construct 10°x10° latitude-longitude regional ADMs by
season (e.g., DJF, JJA) from:

1) Measured CERES radiances
1) Radiance predicted by CERES ADMs
Ill) Radiance predicted by 1D theory

1) Apply all 3regional ADMs to determine fluxes from the
same data.

111) Determine regional mean error in SW TOA flux.

Perform above steps separately for: liquid water clouds,
ice clouds and all-sky.



1D Model Assumptions

L,0,,6,8)=(-1)175:(0,,6,)+ f L.} (6,,6,8,7, P)

f = Cloud Fraction
151, = Clear-sky radiance from CERES ADMs

|5 = Overcast radiance from 1D theory
P = Cloud Phase (liquid or ice)
r = Cloud Optical Depth

RT Model: Nakajima rstar5b
Cloud Properties:
Liquid water: r, = 10 um; fixed cloud-top height 2 km
Ice Clouds : nonspherical; mix of crystal types (Ping Yang).



Regional Mean SW TOA Flux Error — Liquid Water Clouds (JJA)
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Regional Mean SW TOA Flux Error — Liquid Water Clouds (DJF)
(a) 1D Theory
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Regional Mean SW TOA Flux Error — Ice Clouds (JJA)

(@) 1D Theory
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Regional Mean SW TOA Flux Error — Ice Clouds (DJF)

a) 1D Theor : : f
%0 (@) y TOA Flux Error
.5-'::‘—“.;%3‘:‘-_:‘”‘ il P ) ; i o -2
o0 BB TrEaa Ll | : ENE v W (Wm )
B ‘1 L= ] ‘55% Fed P < [l
2 ﬁG}_:’“% r’;"(_pﬁq 33‘ w.ﬁf., 20
30 s =
5 - - I:, ‘i“ r'f ? hw‘-ﬁ o -—/
- TR T T, - 16
0 %4 . X i R S
= SEENE RN %5 7,
-30 i i o DI S R e R 5 <l 12
L] B= Ek "_'Eﬁz*:]f bt e 1]
o il i i x ¥ 8
T g - e
-60 BT e | ot - O ) o e A P = s e o e
= | LA 1= -1 L
-90 =5 = 4

-180 -150-120 -90 60 -30 0 30 60 90 120 150 180
(b) CERES ADMs

90 — 1
[ Sttt T al 0 U O
60 23] ? 2 i -ﬁ'—%’? «—\_HJ B o d7 e bt
~ RS- A T o 8
E\ ﬁ@}_ Eal '_-iff%-ﬁs E:’ b ‘i[gj'p' =
— 5 ::] I I.ﬂ
30 o ( 1 L ?1 ‘L—cw‘-ﬂ fom '—/
=T AR RN -12
0 ] A [ e e
i i = e _TI “{::q
N amie A, 16
-30 kT WA E i
: irid = Fr
_60 = [Ee——— -20
T T P O | B R P25 et
-00 Z —

-180-150-120 -90 -60 -30 0 30 60 90 120 150 180



Latitude (%)

Zonal Distribution of SW TOA Flux Errors
(Liguid Water Clouds)
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Latitude (%)

Zonal Distribution of SW TOA Flux Errors

(Ice Clouds)
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Global SW TOA Flux Error Over Ocean

JJA DJF
1D CERES 1D CERES
Theory | ADM Theory ADM
(Wm2) | (Wm?) (W m-2) (W m-2)
Lig H,O CId 3.3 -0.29 3.6 0.31
Ice Cld 1.9 -0.35 3.4 -0.53
All-Sky 2.6 -0.28 3.3 0.14




Latitude (deg)

SW TOA Flux Error by Latitude and Viewing Zenith Angle
(DJF 2000-2001)
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Albedo by Latitucle and Viewing Zenith Angle (Comparison with ERBE ADMSs)
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Summary

- Bias in SW TOA flux (oceans) from 1D ADMs is 3 W m™
compared to 0.3 W m~ from CERES ADMs.

- 1D SW TOA flux bias depends systematically on latitude
(solar zenith angle), especially for liquid water clouds.

=> small negative bias in tropics and large positive
bias (10-15 W m) in midlatitudes.

- No noticeable viewing zenith angle dependence in TOA
albedo from the new CERES ADMs.



